Introduction
In the typical homeowner's financial portfolio, the home is a singular beast. Owned homes are part consumption good and part investment good. Unlike purely financial assets, the home requires periodic maintenance to retain both its consumption and asset values, and the home can be expanded as necessary in lieu of incurring the substantial transaction costs associated with selling the current home, purchasing a new home, and moving.
In the research presented in this article, we constructed a new data set from the Consumer Expenditure (CE) Survey that enables researchers to investigate the household's housing maintenance and additions decisions, confirming some of the stylized facts already in the housing literature, and expanding the results to take advantage of the long time-series of higher frequency data. This article falls into the category of literature that investigates the microeconomic determinants of maintenance and investment decisions; at the same time, it adds to the literature by using a new, complementary data set that has different strengths (and weaknesses). Understanding home maintenance and additions behavior is an important component in understanding household borrowing, saving, and investment decisions. Because routine maintenance can be forgone (for a time) without substantial depreciation of the consumption and asset values, the owned home provides an internal capital market for homeowners and a means of short-term borrowing. Conversely, additions expenditures may be a means of saving--in that these expenditures increase the home's capital stock.
Most research on the microeconomic determinants literature has relied on a single data set, the American Housing Survey (AHS). As the first pass at the data set created using the CE Survey, the research presented in this article took a fresh look at a number of the stylized facts, which have emerged from the microeconomic approach to analyzing homeowners' additions and maintenance expenditures, described in the following paragraphs. Because this research uses a new data set, we decided to compare results in the CE Survey with the existing literature. This article also highlights some of the strengths of the CE Survey, mainly by showing the interesting time-series properties of the homeowners' maintenance and additions expenditure data.
Data
The CE Survey consists of two surveys--the Interview Survey and the Diary Survey. The Interview Survey is a quarterly survey of consumer units. This research only uses the Interview Survey. A consumer unit consists of members of a household who are related or share at least two out of three major expenditures. Interviews occur on a rotating quarterly basis; after one household leaves the sample after four interviews, a new household is drawn to replace it, which results in one-fourth of the sample being refreshed every 3 months. Although interviews are conducted on a quarterly basis per household, they are staggered so that households are surveyed every month. In each interview, respondents are asked about expenditures during the past 3 months.
For our research, we used quarterly data from 1984 to the first quarter of 2005; our unit of observation was an owned primary residence. From 1984 to 1998, our sample had 3,100 observations per quarter on average, and, after 1998, we had approximately 5,000 observations per quarter.
Cityscape
The CE Survey provides detailed characteristics for the home and the people living there. The data contain statistics from both the state and metropolitan statistical area (MSA). The home characteristics data include the year the home was built, the type of building (for example, single-family residence), and number of rooms. The respondents also provide the self-assessed home value and details about all outstanding mortgages. Finally, the CE Survey primarily has detailed expenditure data.
As part of collecting the detailed expenditure data, the CE Survey asks questions regarding expenditures related to investments in the home. The CE Survey asks about expenses that occurred during the previous 3 months and creates a separate line item for each improvement project. Some consumer units reported 10 or more separate jobs in a given quarter.
1 The CE Survey asks whether each improvement project is considered to be new construction, an addition, an alteration, maintenance and repair, or a replacement.
We follow Reschovsky (1992) in our general classification of expenditures as either maintenance or additions. Maintenance expenditures affect the quality of the existing capital stock of housing. Additions expenditures add to the capital stock. As Reschovsky noted, this classification is not as clean as one would hope. For example, the replacement of a refrigerator could be classified as maintenance if the new one is of comparable quality. Alternatively, a household may purchase a new state-of-the-art refrigerator that significantly improves the capital stock. We resolve this problem in part by using the consumer unit's own classification. We classify anything that is coded as new construction or an addition as additions, and we classify anything coded as an alteration, maintenance and repair, or replacement as maintenance.
Summary Statistics
Because the CE Survey and AHS have different survey designs, comparisons between the two surveys are not straightforward. 2 The biggest difference is that the AHS reports spending on maintenance in a typical year and reports spending on additions over a 2-year period. To get closer to the AHS, we aggregated our quarterly observations and report summary statistics for households that appeared in all four interviews. Using the AHS from 1993 to 1997, Baker and Kaul (2002) found that 16.7 percent of households conducted an expansion project. Our percentage of households spending on additions in a given quarter includes more types of projects than Baker and Kaul included, and we found that a higher percentage of our sample-52.1 percent-spends on additions. This percentage may seem high, but a household can spend $10 on a can of paint that is part of a larger project to add a bedroom 1 The CE Survey asks about the nature of the job and keeps track of the differences over time to help avoid double counting. 
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and have it count as an addition if the household identifies it as such. If a household is slowly performing a project, the costs can be spread out over time. 4 Using the AHS from 1985 to 2001 , Davidoff (2006 found that households spent $553 and $1,793 per year on average on routine maintenance and additions, respectively. Exhibit 1 shows that our sample spent $1,110 and $1,147 per year on average on maintenance and additions, respectively. These cross-sectional values in the AHS and CE Survey mask considerable time-series variation. Returning to our sample of quarterly observations, the percent spending on maintenance peaks in 1984 at 52 percent per quarter and declines to 42 percent by 2004 (exhibit 2). 6 The percent spending on additions shows a different pattern, starting at 23 percent in 1984 and declining to 17.5 percent in 2000 before increasing to more than 21 percent in 2004 (exhibit 3).
Although fewer households spent on maintenance and additions over time, mean quarterly expenditures were constant or increasing. Real mean maintenance expenditures increased from $230 to $320 between 1984 and 2004 (exhibit 4), suggesting that households were doing fewer but larger projects. There is considerable variation in mean additions expenditures, with a noticeable 
Empirical Methodology
To explore the stylized facts of the literature with the CE Survey, ideally we would match the empirical methods used in existing research. In the broadest sense, following the existing literature means we would estimate reduced form models, studying the determinants of the decision to spend and the determinants of the level of spending. Given that we are estimating reduced form models, the first methodological challenge posed is that observations with zero expenditures are numerous. The specific methods employed differ across authors, including ordinary least square (OLS), independent two-stage estimation, and two-stage Heckman selection correction.
In this study, we used an independent two-stage estimation strategy. We first used a probit to model whether the household spent during the quarter, and then we model log expenditures as a linear function via OLS. Estimating the two stages separately required the assumption that the errors from the probit model and those from the OLS model are independent. A large portion of both maintenance and additions expenditures in our data represent large and lasting projects with a significant durable-goods character. Such long-term investments are not likely to be considered anew by the household every period. Instead, many of the expenses are likely to be triggered by some exogenous process (for example, the roof leaks), which forces the household to make a maintenance decision. These external factors are likely to be uncorrelated with the cost of the maintenance.
One important way our study differs methodologically from the existing research is that we estimated the extent of maintenance and additions expenditures separately but estimated the decisions simultaneously. Most research pools maintenance and additions expenditures together, while, in this study, we allowed the independent variables to affect the two expenditures differently. We believe that the decision to maintain the capital stock can be different from the decision to add to the capital stock. For example, a large addition project might be more sensitive to the interest rate than a routine maintenance expenditure.
We estimated a bivariate probit model for maintenance and additions; then we estimated an independent, seemingly unrelated regression for log expenditures. The dependent variables in our bivariate probit model are whether the household spent a positive amount on maintenance and whether the household spent a positive amount on additions. The dependent variables in our reduced form demand model are log of maintenance expenditures and log of additions expenditures.
Independent Variables
The independent variables in each regression are identical. 7 For the demographic characteristics, we included log before-tax income, family size, and age of the respondent. For characteristics of the home, we included dummy variables for home age, rooms, urban or rural status, and MSA status. We augmented the CE Survey data with additional macrolevel variables. The regressions included month dummy variables to capture the seasonality of expenditures and three aggregate variables to capture possible macroeconomic effects. We included the 30-year fixed mortgage interest rate for each quarter from Freddie Mac to capture differences in borrowing costs. 8 To capture changes in housing markets, we used the Office of Federal Housing Enterprise Oversight (OFHEO) (now the Federal Housing Finance Agency), repeat sales house price index at the state level. We also included the state employment rate to capture the potential effect of labor market conditions.
Empirical Results
Exhibits 5 and 6 present the results. We first discuss our results relative to the stylized facts.
Interest Rates
The first stylized fact is that interest rates play a role in the maintenance and addition decisions. Many papers model the household's decision to increase the size of its home as a choice between making additions to the current home or moving to a different home (for example, Potepan, 1989) . In these models, a household finds itself with extra demand for housing services as the result of some exogenous shock and meets that demand either by adding to its current house or by moving. Because most houses are financed, interest rates play a critical role in the relative costs and benefits of each option.
Potepan (1989) creates a model of household choice in which a household stays put when prevailing mortgage rates are high relative to the household's mortgage rate. Potepan describes it as the mortgage lock-in effect, indicating that a household with an interest rate lower than the current market rate is locked into its current home because it would be too expensive to move to a new home at the prevailing interest rates. Thus, a higher interest rate may lead to a higher probability of an owner staying in the home and spending money on maintenance and additions, although the maintenance and additions may also need to be financed with a loan. Data Shop moves to alter its housing. Montgomery (1992) found that an increase in income increases the likelihood of moving and the likelihood of improving its current home relative to doing nothing.
We do not explicitly include the decision to move from or stay in a home as a variable, so we have to be careful in interpreting our results in light of this omission. As with the existing literature, the results of this study suggest that an increase in income increases the likelihood and level of maintenance and additions expenditures. The effects are larger for maintenance, especially for the dollar value of maintenance expenditures.
Life-Cycle Pattern
Davidoff (2006) found that maintenance and additions spending peaks around age 40 to 45. Exhibit 7 suggests that the life-cycle profiles of maintenance and additions expenditures are not identical. Our definition of additions expenditures follows a similar pattern as Davidoff's definition of maintenance and additions expenditures, but our measure of maintenance spending is much flatter after age 50. Maintenance spending appears to be constant or slightly declines after age 50, but additions expenditures fall dramatically after age 45. Exhibit 7 reinforces the necessity to run separate models for maintenance and additions expenditures.
The question remains as to whether this shape will be evident in a multivariate regression analysis when controlling for other variables, such as income, that might also have this hump shape. Exhibit 5 suggests that the probability of maintenance spending increases with the age of the homeowner after age 60, and a similar pattern is seen in the level of maintenance expenditures. The likelihood of additions spending exhibits the more familiar life-cycle pattern, with a decrease seen after age 40.
Exhibit 7
Mean Maintenance and Additions by Age of Household Head 
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Model Fit
The last common thread in the literature is that the explanatory power of the maintenance and additions models is low, and our household-level results are no exception; our R 2 values are .06 and .02 (exhibit 6). These results should not come as a surprise; the idiosyncratic factors that drive a particular household to spend on their home are very likely to dominate the effects of any of the variables we observed. The data set does not include, for instance, a variable for leaky roofs.
Given that the cross-sectional models have low explanatory power, the question becomes-Do we care about explaining this cross-sectional variation? In the aggregate, home maintenance and additions expenditures are important to the economy. Thus, the dynamics that explain aggregate housing maintenance and investment spending decisions are important to the capital stock. Therefore, it might be more useful to determine whether our household-level cross-section models explain the variation in aggregate-level home maintenance and investment spending. This approach avoids attempting to answer the impossible question of whether the Smiths decided to buy a new water heater, but instead addresses the question of why the likelihood of additions expenditures and the level of additions expenditures have increased dramatically since 2000.
To determine the quality of fit at the aggregate level, we found the cross-sectional fitted values for each household and calculated the quarterly mean to match the time-series patterns seen in the earlier exhibits. The goodness-of-fit statistic then is equivalent to an R 2 value, which is defined as 1 minus the ratio of the residual (time-series) variance to the data's (time-series) variance. In contrast to the cross-sectional results, we found that our household-level model has fairly strong explanatory power for the aggregate series of data. Exhibits 8, 9, 10, and 11 present the quarterly average of our models' fitted values along with the data they model.
The model in exhibit 8 provides information that can be used to explain the long-run downward trend in the percentage of households with nonzero maintenance expenditures. Overall, our model explains 82.3 percent of the variance in the probability of a nonzero maintenance expenditures series.
9 For the probability of nonzero additions expenditures, shown in exhibit 11, the model fares well in the long run, but it misses some of the shorter run dynamics, most notably the apparent turning point in additions in 2001. The R 2 for additions expenditures is 66.4 percent.
Exhibits 10 and 11 display the fitted values for the seemingly unrelated regressions for maintenance and additions expenditures, respectively. The maintenance expenditure series is less challenging, and the model captures the slow downward trend well, with an R 2 of 84.1 percent. As was the case with the probit models, the reduced form demand model for additions expenditures does relatively well in the long run and relatively poorly in the short run, missing the 1991-to-1992 and 2001 drops. The R 2 for additions expenditures is 72.6 percent.
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Exhibit 9
Fraction 
Additional Household-Level Results
Using a data set new to the literature, our results reinforce many of the basic facts from the existing literature that uses the AHS. In addition to the results already described, we also included other variables in the model. For household characteristics, we found that larger families are less likely to spend on maintenance but more likely to spend on additions, which suggests that larger families focus more on increasing the stock of housing and foregoing some upkeep. The same is true for the level of spending.
Regarding home characteristics, the CE Survey asks for the year the home was built, and we converted that date to a series of dummy variables representing the home's age. Our results indicate that owners in new homes are less likely to spend on maintenance than those that have owned the home for 2 to 40 years, and the same pattern is seen for the level of maintenance expenditures. For additions expenditures, owners of new homes are the most likely of all the respondents to spend on additions. Families that live in larger homes spend more on maintenance and additions, as do those that live in an MSA. Those in urban areas spend more on maintenance but less on additions.
The last variable of interest is the OFHEO state home price index. The results shown in exhibit 5 suggest that home price appreciation affects the likelihood of maintenance expenditures but not the likelihood of additions expenditures, indicating that appreciation leads to households being less likely to spend on maintenance. Homeowners may believe that if property values are rising that they do not need to do as much maintenance.
Conclusion
The study described in this article has documented some of the stylized facts about home maintenance and investment decisions using a new data set to this literature, the Consumer Expenditure Survey. A replication study on this topic is important because of the importance of the home in the household's financial portfolio and because of the importance of residential investment in the macroeconomy.
Further, this study has documented new findings, in part, because the CE Survey data has different strengths than the AHS. The quarterly CE Survey data can be better used to highlight the timeseries patterns in maintenance and additions expenditures. For example, the data show a constant decline in the percentage of households spending per quarter between 1984 and 2000. Since 2000, there has been an increase in the percentage of households spending for additions. These time series patterns have not been previously documented, in part, because the AHS is not designed to capture these trends.
